Objective: To examine the potential association between Chlamydophila pneumoniae infection and obesity indicators after controlling for nutrient and energy intake, as well as age, smoking status, physical activity and educational level. Subjects: A total of 118 healthy adult females randomly recruited from the local community of Bydgoszcz, aged 20-80 years. Methods: Serum was tested for specific IgG antibodies against C. pneumoniae using qualitative enzyme linked immunosorbent assay. Usual dietary intake was assessed by a 7-day food record. Information regarding smoking, physical activity and educational level was collected using the questionnaire. Body mass index (BMI) and percentage of total body fat (%FM) were calculated respectively, as weight (kilograms) divided by height (meters) squared and with the equations of Durnin and Womersley. Results: The prevalence of C. pneumoniae infection was significantly higher among overweight/obese subjects (77.1 vs 60.0%; P ¼ 0.047) in comparison with normal-weight individuals. Using multivariate regression analysis, a significant positive association of BMI (b ¼ 0.194; P ¼ 0.036) and %FM (b ¼ 0.176; P ¼ 0.049) with C. pneumoniae IgG antibody positivity was found after adjustment for age, total energy intake, percentage of energy from fat, carbohydrate and protein, physical activity, educational level and smoking habits. Moreover, the multivariable adjusted odds ratio of being overweight/obese for the seropositive group compared with seronegative individuals was 1.70 (95% confidence interval: 1.02-2.89; P ¼ 0.037).
Introduction
Obesity is a major health problem in many countries all over the world. 1 In the European region, the prevalence of obesity has been estimated to range from 5.4 to 22.8% in men and from 7.1 to 35.6% in women. 2 It has been clearly shown that obesity is associated with an increased risk of morbidity and mortality from several diseases, as well as with enormous economic costs. 1 Therefore, a lot of researchers have focused on identifying the key factors leading to the development of excessive body weight and on establishing effective strategies that will help in the prevention and treatment of obesity. 3, 4 Despite several advances being made in the understanding of factors that contribute to obesity and the development of many public health programs to prevent obesity, the prevalence of excessive body weight is still rising throughout the world. 5, 6 Taking into account the increasing prevalence and health risks of obesity, it seems very important to understand its etiology in order to develop an appropriate treatment strategy. The complexity of body weight regulation presents a substantial challenge to understanding the etiology of obesity that includes the interaction of genetic, metabolic, behavioral, socioeconomic and other factors. 7, 8 There is also evidence to suggest that obesity may be associated with viral or bacterial infection in animal models, but their contribution to human obesity is still not precisely known. [9] [10] [11] It has been reported that Chlamydophila pneumoniae infection may be related to body mass index (BMI). 9, 10, 12 However, previous researches into the association of C. pneumoniae infection with body weight have not taken the effects of nutrient intake into account, which may significantly confound results. It has been reported that diet is one of the most important factors that contribute to obesity. 13, 14 Therefore, the purpose of the present study was to investigate the relation between C. pneumoniae infection and obesity indicators after controlling for nutrient and energy intake, as well as age, smoking, physical activity and educational level.
Subjects and methods

Participants
The studied population included 118 adult females randomly recruited from the local community of Bydgoszcz (Poland) by a variety of sources, including radio public service announcements, advertisements in local pharmacies and community newspapers. All subjects were informed of the purpose of the study and signed a consent form approved by the Bioethical Committee of the Nicolaus Copernicus University, Bydgoszcz, Poland, before enrolment. All women volunteers were between the ages of 20-80 years. Participation was limited to individuals who (1) were free from chronic and acute illnesses and known C. pneumoniae infection (2) were not currently following a specific diet (for example, weight control, lipid lowering) (3) were not taking any medications and (4) had body weight stable for minimum 3 months before the study and were not currently participating in any weight-control programs. Pregnant and breastfeeding women were excluded from this study.
Serological analyses
Venous blood was collected in the morning after an overnight fast. The samples were centrifuged at 3000 g for 10 min at 20 1C to separate serum. Aliquots were prepared, and the samples were stored no longer than 3 months at À40 1C before further analysis. The analysis of antibodies to C. pneumoniae was performed using enzyme-linked immunosorbent assay technique (Vircell, Grenada, Spain). The serum was tested for the presence of specific IgG antibodies on a 96-well microplate coated with C. pneumoniae antigen (strain CM-1; ATCC VR-1360) according to Gutierrez et al.
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To each well, 100 ml of phosphate-buffered saline and 5 ml of serum, negative, positive or cutoff controls in duplicate, were added, covered and incubated for 45 min at 37 1C. Next, the strips were washed five times with 300 ml of phosphatebuffered saline. After washing, 100 ml of conjugate (peroxidase-labeled anti-human IgG antibodies) was added and the plate was incubated for 30 min at 37 1C. The plate was washed as described above. Substrate solution (100 ml; tetramethylbenzidine) was added and the reaction was stopped after 25 min of incubation at room temperature with 50 ml of 0. .
Dietary assessment
Usual dietary intake was assessed by a weighed dietary record maintained for 7 consecutive days (5 week days and 2 weekend days). 18 Each studied woman was given detailed verbal and written instructions on how to complete the 7-day food record and was asked to record all foods and beverages consumed during 7 consecutive days. Food quantities were assessed using a kitchen scale. If subjects failed to weigh foods, a detailed description and standard household measures (for example, tablespoon and teaspoon) were provided that were then converted to grams using photographs of food products and dishes. 19 All completed records were rechecked by a trained person working together with the participants, particularly with reference to portion size. The food diaries were analyzed using the 'Dieta 2' software (IZZ, Warsaw, Poland) with a database containing Polish food composition tables. 20 Dietary records were analyzed for intakes of energy, fat, carbohydrate and protein that were expressed, respectively, as kcal day -1 and percentage of energy.
To assure that the food intake data were plausible, dietary records were tested for underreporting. The basal metabolic rate was calculated using the equations of Harris and Benedict, 21 and under-reporting of energy intake was defined according to Goldberg et al. 22 as the ratio of energy Chlamydophila pneumoniae and obesity A Jaworowska and G Bazylak intake to basal metabolic rate. Subjects who reported energy intake of o1.47 Â basal metabolic rate were excluded from the analyses as under-reporters of food intake; hence, 11 subjects were excluded from analyses.
Questionnaire data Information about smoking habits, physical activity and educational level was collected using a questionnaire that had been pilot tested and validated during a previous pilot study. 23 Smoking status was assessed by asking subjects the following questions: 'Have you smoked at any stage during your life?' and 'Do you smoke cigarettes now?' The participants were divided into three smoking categories: nonsmokers, past smokers and current smokers. Physical activity level was evaluated by the frequency of self-reported physical exercise sessions per week, which involved sweating and breathlessness, 24 and was rated as active (everyday exercise session), moderate (three or four exercise session per week) or low (no exercise session). Educational level was classified into three categories: high school or less, college graduated and bachelor's degree or more.
Statistical analyses
All statistical analyses were undertaken using Statistica PL v. among Polish women depends on region. 25, 26 The seroprevalence of IgG antibodies to C. pneumoniae was significantly higher among overweight/obese subjects than those in the control group. Also, a comparison of overweight/obese and normal-weight subjects showed higher BMI, %FM and WHR in the study group. Overweight/obese subjects showed a significantly higher total calorie intake and more elevated consumption of energy from fat, but a significantly lower percentage of energy from carbohydrate in comparison with the normal-weight group. Whereas there were no differences between the groups regarding age, and %FM (40.6 vs 36.9%) were observed in the group seropositive to C. pneumoniae than in the seronegative group (Table 2) . There was also a trend toward lower seroprevalence with higher educational level, but statistical significance was not achieved. All other sociodemographic factors were not associated with C. pneumoniae seropositivity. C. pneumoniae antibody status was also not related to total energy intake, carbohydrate and protein consumption, but intake of energy from fat was significantly higher in the seropositive group.
The associations between C. pneumoniae antibody status and overweight/obesity are presented in Tables 3 and 4 . Multivariate linear regression analysis showed that C. pneumoniae seropositivity was positively and significantly associated with being overweight or obese (Table 3 ). It was observed that positive IgG antibody status was related with higher BMI (b ¼ 0.194; P ¼ 0.036) as well as with elevated %FM (b ¼ 0.176; P ¼ 0.049), but there was no association between C. pneumoniae seropositivity and WHR. The association between C. pneumoniae infection and overweight was confirmed in multivariate logistic regression analysis (Table 4) . After adjustment for age, total energy intake, percentage of energy from fat, carbohydrate and protein, physical activity, educational level and smoking habits, it was observed that women seropositive for the presence of C. pneumoniae antibodies had a 1.70 (odds ratio 1.70; 95% confidence interval 1.02-2.89; P ¼ 0.037) times greater risk of being overweight/obese than those who were seronegative.
Discussion
To the best of our knowledge, this is the first study that has demonstrated that C. pneumoniae infection may be associated with an elevated BMI and %FM independently of energy intake and macronutrient composition of a diet. Dietary factors, especially carbohydrate and fat ratio, are thought to be one of the most important factors contributing to obesity. 27, 28 Hence, these results strengthen the hypothesis that C. pneumoniae infection may lead to the development of obesity. Dart et al. 12 examined the association of C. pneumoniae IgG antibody positivity with coronary heart disease among Australian adults. Although they found no relation between C. pneumoniae infection and coronary heart disease, a positive association was found with BMI. Subjects who were seropositive for C. pneumoniae IgG antibodies had significantly higher BMI compared with the seronegative group. Persistent C. pneumoniae positivity of IgG antibodies were reported as significant risk factors for overweight (odds ratio 2.1; 95% confidence interval 1.5-2.8) among young men in Finland. Also, Karppinen et al. Chlamydophila pneumoniae and obesity A Jaworowska and G Bazylak reported that patients with sciatica and chronic C. pneumoniae infection were more likely to be obese (P ¼ 0.02) than those with no infection. In addition, Thjodleifsson et al. 30 in a multinational study found that C. pneumoniae IgG-positive individuals had a higher prevalence of overweight and higher BMI than those with negative serology. They also reported the synergistic effect of simultaneous infection with Helicobacter pylori and C. pneumoniae. Subjects who had IgG antibodies against both pathogens had the highest prevalence of overweight and the highest BMI in comparison with a group with no infection or with positive serology for only one of them. Similarly, Ekesbo et al. 31 reported that subjects with combined seropositivity for H. pylori and C. pneumoniae had higher BMI than those with no markers of infection. Moreover, Lajunen et al. 32 reported a positive relation of BMI with C. pneumoniae IgG antibodies and chlamydial lipopolysaccharide and no association with total endotoxin activity. These findings strongly imply that the association between infection and obesity is not characteristic for Gramnegative bacteria in general, but rather may be specific to certain pathogens. In contrast, Murray et al. 33 and Kaftan et al. 34 found no associations of C. pneumoniae seropositivity with BMI among adult populations of Ireland and Turkey, respectively. Another important finding presented in our study is the positive association between C. pneumoniae IgG antibodies and the percentage of body fat. Before our researches, only two other studies have reported similar association. Fernaendez-Real et al. 35 showed among apparently healthy men from Spain a positive relationship between total pathogen burden based on Herpes simplex virus 1 and 2, enteroviruses and C. pneumoniae IgG serostatus and fat mass and percentage of fat mass, whereas Koziolek et al. 36 observed a higher prevalence of asymptomatic past C. pneumoniae infection among premenopausal obese women with body mass and percentage of body fat above median values. Despite the fact that a positive relationship between C. pneumoniae infection and elevated BMI has been reported by several authors, there are still unanswered questions of whether excessive body weight is a factor that may predispose to C. pneumoniae infection or whether C. pneumoniae infection leads to the development of obesity. Epidemiological studies have shown that obesity is associated with alterations in immune function. 37, 38 Moreover, obesity has been identified as a risk factor for postoperative wound infections. 39 Gottschlich et al. 40 demonstrated that the incidence and severity of infectious diseases were significantly higher in obese patients with burns than in burn patients in the normal-weight group. However, Dart et al.
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despite reporting higher prevalence of C. pneumoniae infection among overweight/obese people than in normal-weight individuals found that positive serology to other Chlamydia species (C. psittaci and C. trachomatis) was extremely low in the study group regardless of body weight. It indicted that increased BMI did not necessarily predispose subjects to infection. In addition, Weber et al. 41 and Simo Minana et al. 42 reported obesity as a predictor of poor antibody response to the hepatitis B vaccine. Furthermore, Tanaka et al. 37 reported impaired B-lymphocyte response in obese individuals, which suggests that after infection with other pathogens including C. pneumoniae, obese people may have a lower production of antibodies than normal-weight individuals. Hence, taking into account that it is unlikely that obese people are more often exposed to C. pneumoniae, it may be expected that the prevalence of C. pneumoniae antibodies should be even lower among obese than normalweight people. It may also be suggested that impaired immunity may predispose obese individuals to persistent C. pneumoniae infection. It should also be noted that C. pneumoniae infection is most common among children aged between 5 and 15 years, and by age 20 years B50% of people have detectable levels of antibodies to C. pneumoniae. 43 But the prevalence of excessive body weight at this age is relatively lower than among adults. In addition, it has been found that the rate of C. pneumoniae seroconversion was similar in overweight and normal-weight subject. These finding imply that it is unlikely that obesity increases susceptibility to C. pneumoniae infection.
In this study the trend to higher C. pneumoniae seropositivity with lower educational level as a measure of socioeconomic status was found, but statistical significance was not achieved. It was in agreement with the results of O'Neill et al. 44 who reported in a randomly selected adult population in Northern Ireland an inverse trend between infection and educational level achieved, but no associations with other socioeconomic markers (occupational class and tenure of accommodation). Contrary to this, Dart et al. 12 showed that prevalence of C. pneumoniae positivity was similar among those who had received university or college education in comparison with those who had not. Similarly, Patel et al. 45 did not found any associations between C. pneumoniae seroprevalence and socioeconomic status. Moreover, in the present study in the multivariate logistic regression model after taking into account other factors that may be a potential risk factor for C. pneumoniae infection (age, smoking), educational level did not increase a risk of C. pneumoniae positivity in the studied group (data not shown). C. pneumoniae seems not to be a sole pathogen related to obesity development in humans. The first virus that was reported to be associated with human obesity was the avian adenovirus SMAM-1. 46 Atkinson et al. 47 51, 52 However, the mechanism by which C. pneumoniae infection may lead to the development of obesity is not as well known as Ad-36. Recent studies have shown that C. pneumoniae can infect murine preadipocytes and adipocytes as well as human mature adipocytes in vitro. 48, 53 In addition, chlamydial 16S ribosomal RNA was detected in the adipose tissue of infected low-density lipoprotein receptor-deficient mice. Furthermore, C. pneumoniae infection in 3T3-L1 cells induced an increase in tumor necrosis factor-a (TNF-a) secretion, but through a TNF-amediated mechanism inhibited adipocyte differentiation by downregulation of peroxisome proliferator-activated receptor-g. 53 These results indicate that if C. pneumoniae infection is associated with the development of obesity, there is a different mechanism that is probably not directly related to alternation of adipocyte function. C. pneumoniae is also able to infect macrophages and increase foam cells formation and lipid accumulation. 54 It is known that macrophage cells infiltrate adipose tissue, and thus it may be the possible way that allows C. pneumoniae to infect adipose tissue. 55 In addition, adipocytes express Toll-like receptor 4 that recognizes lipopolysacharide of Gram-negative bacteria and was reported to participate in the development of inflammation at the adipose level. 56 C. pneumoniae infection induced secretion of TNF-a, interleukin-1b and interleukin-6 in macrophages and TNF-a production in murine adipocytes. 57 Furthermore, Blanc et al. 58 in a representative sample of the residents of Tuscany (Italy) reported that C. pneumoniae seropositivity was independently associated with the increased levels of TNF-a and interleukin. Taking together, it may be predicted that C. pneuminae infection may lead to obesity development through systematic inflammation. However, further investigation into the metabolic and molecular mechanism of C. pneuminae infection leading to obesity is needed. The results from our study showed that together with conventional risk factors, C. pneumoniae seropositivity may independently increase the risk of developing obesity. However, these findings could not be considered causal. First, we were not able to determine the time of infection, and hence it is impossible to affirm that in the moment of infection the studied women had normal body weight. Moreover, a single measurement of IgG antibodies to C. pneumoniae does not distinguish between current, past or chronic infection. However, high rates of C. pneumoniae seroprevalence in the adult population, despite the fact that infection is most common among school-aged children and that the first infection induces a time-limited response to antibodies, 43 suggests that the presence of IgG antibodies in the studied women may be interpreted as repeat or chronic infection. Second, the diet that led to obesity may be different from the current diet that has been assessed in the present study. Moreover, it has been reported that participants tend to under-report their dietary intake or make an alternation of the diet, when the intake is self-recorded. 59 On the other hand, food records, involving the weighing or quantifying of all food and drink before consumption, have often been considered the most precise method of dietary assessment. 18 In addition, to identify inaccurate reports of energy intake, we used the procedure developed by Goldberg et al., 22 and under-reporters were excluded from analyses. Another limitation is the use of selfreported data to estimate the individual level of physical activity. However, the questionnaire used in our study to assess the physical activity level has been properly validated previously. It should also be noted that the interpretation of our study is limited by the small sample size as well as the restriction to female participants only.
In conclusion, our results are consistent with the hypothesis that infection may lead to obesity development, and should encourage further research, especially studies using in vivo animal models, which may help to define a possible causal association between obesity and C. pneumoniae infection.
